Studies have shown that increases in low-level high-sensitivity cardiac troponin T (hs-cTnT) and N-terminal prohormone brain natriuretic peptide (NT-proBNP) in the elderly population lead to high risk of adverse clinical outcomes, such as mortality. In this study, associations between the two biomarkers and long-term mortality in elderly patients hospitalized for medical conditions other than acute cardiovascular events were investigated. A comparison of the predictive value of hs-cTnT and NT-proBNP for all-cause mortality was conducted. Methods: A cohort of 715 elderly inpatients free of acute cardiovascular events was initially recruited. Based on tertiles of baseline hs-cTnT and NT-proBNP levels, the elderly were arranged into low, middle, and high groups. The mortality of each group was observed and the predictive values of hs-cTnT and NT-proBNP compared. Additionally, all-cause mortality was analyzed for hs-cTnT and NT-proBNP combined. Results: There were 135 (18.9%) all-cause mortality cases identified during follow-up (median 47 months). The upper tertile of hs-cTnT was significantly associated with an increased risk of mortality (HR 3.29, 95% CI 1.85-5.85), even after adjustment for potential confounders. However, there were no significant differences observed in mortality rates among the three NT-proBNP groups after adjustment for potential confounders (HR 1.77, 95% CI 0.83-3.17). Compared to NT-proBNP, hs-cTnT was a better predictor of mortality, as area under curves for hs-cTnT and NT-proBNP at 60 months were 0.712 (95% CI 0.616-0.809) and 0.585 (95% CI 0.483-0.6871), respectively. Also, the combination of the two cardiac biomarkers did not render a better predictive value for mortality than hs-cTnT alone. Conclusion: Unlike hs-cTnT, baseline NT-proBNP levels failed to show an independent association with all-cause mortality in hospitalized elderly without acute cardiovascular events. hs-cTnT provided significant prognostic value for mortality in the study cohort.
Introduction
The cardiac biomarkers high-sensitivity cardiac troponin T (hs-cTnT) and N-terminal prohormone brain natriuretic peptide (NT-proBNP) have been demonstrated to provide prognostic information for cardiovascular disease and mortality in a variety of populations. [1] [2] [3] [4] These two cardiac biomarkers can also help in cardiovascular disease risk stratification and improvement in patient management. 5 NT-proBNP release is stimulated by ventricular overload from pressure or volume, and its concentration increases with elevating left ventricular (LV) mass. 6 However, hs-cTnT, a component of the heart muscle, may increase in response to myocardial injury or myocardial remodeling. 2 Moreover, studies have confirmed that hs-cTnT and NT-proBNP can be detected not only in patients with coronary heart disease or heart failure but also in a general population, such as the elderly. 7, 8 In apparently healthy and community-dwelling older adults, elevated hs-cTnT and NT-proBNP have been shown to be associated with poor cardiovascular outcomes including acute cardiovascular events and mortality. 2, 4, 9 This evidence raises two questions. Is the predictive power of these two cardiac biomarkers consistent in elderly patients? Further, is the prognostic performance of the combination of the two biomarkers better than that of each alone? The present study aimed to compare the predictive values of hs-cTnT and NT-proBNP for long-term mortality in elderly patients hospitalized for medical conditions other than acute cardiovascular events. We also investigated the association between a combination of the biomarkers and mortality.
Methods Patients
A total of 715 patients who had been admitted to the Department of Geriatrics at our hospital in June 2010 were recruited for this prospective observational study. All patients were .65 years old and provided signed informed consent before admission. Patients with acute coronary syndrome (ACS), acute or chronic cardiac failure, malignancies, and a history of hemodialysis or dementia were excluded. Patients were routinely examined by electrocardiography, ultrasound cardiography, and for cardiac biomarkers at entry, and ACS was excluded according to the fourth universal definition of myocardial infarction (2018). 10 Acute or chronic heart failure was excluded according to patient medical history, hospitalization symptoms, physical signs combined with ultrasound cardiography, and NT-proBNP. Malignancies were excluded according to patient medical history and biomarkers for cancer after entrance. If a new tumor was diagnosed after enrollment, the patient's information would be removed from the data. Patients with dementia were excluded according to Mini-Mental State Examination scores. The study was approved by the ethics committee of Fuxing Hospital (affiliated with Capital Medical University), and was conducted in accordance with the Declaration of Helsinki.
Data collection
Baseline characteristics of patients were recorded at entrance: age, sex, body-mass index, heart rate, blood pressure, and smoking status (never, former/current). Comorbidities were also recorded: hypertension, diabetes mellitus (DM), atrial fibrillation (AF), stable coronary artery disease, cerebral infarction, chronic kidney disease (CKD), and COPD. Blood biochemistry was assessed from fasting blood samples drawn on the day after entrance, when patients had been on an absolute diet for .12 hours: hemoglobin (Hb), ALT, estimated glomerular filtration rate (eGFR), total cholesterol (TC), triglycerides (TG), high-density-lipoprotein cholesterol (HDL-C), and low-density lipoprotein-cholesterol (LDL-C). eGFR was calculated based on the formula eGFR 175 × (serum creatinine/88.4) -1.234 × (age) -0.179 (female × 0.79), 5 and eGFR ,60 mL/min⋅1.73 m 2 was considered decreased renal function.
hs-cTnT concentration was measured using an Elecsys Troponin T Stat immunoassay, while NT-proBNP concentration was determined on an Elecsys proBNP II (Roche Diagnostics). Both analyses were performed at the laboratory of our hospital using automatic analyzers according to recommendations from the manufacturer.
echocardiography
Ultrasound cardiography was performed with patients on their left sides and breathing regularly, and standardized two-dimensional echocardiography was conducted in accordance with the recommendations from the American Society of Echocardiography. The stability of the instrument was evaluated by the quality-control technician before examination. The LV ejection fraction (LVEF) was measured under apical four-chamber and two-chamber views using a modified single-plane Simpson method. The weight and height of each patient was recorded and body-surface area calculated. The LV mass was determined by the Devereux method, and LV mass index (LVMI) was calculated by LV mass and body-surface area.
end point
Follow-up was conducted each 3 months through phone or home visits by our follow-up group after discharge. Our outcome was all-cause mortality. 
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hs-cTnT and nT-proBnP prognostic value in elderly or Kruskal-Wallis tests were used for continuous variables and χ 2 for categorical variables. Cumulative survival curves were constructed by the Kaplan-Meier method and compared with log-rank tests. Cox proportional hazard-regression models were created to analyze relationships between the two biomarkers or their combination with all-cause mortality. HRs and 95% CIs for the high and middle hs-cTnT and NTproBNP groups were obtained using the low group as the reference category. Receiver-operating characteristic (ROC) curves and time-dependent ROC curves were constructed to evaluate discriminative capacity for mortality of different biomarkers and to analyze which biomarker had higher predictive value for mortality by comparing area under the curve (AUC). P-values were considered indicative of statistical significance when lower than 0.05.
Results

Patient characteristics
Baseline characteristics of patients are shown in Tables 1 and 2 . Among the 715 patients, the mean age was 82.4±6.0 years, and 470 (65.7%) were male. The median (IQR) of NTproBNP was 290.6 (130.40-631.06) pg/mL and ranged from 9.5 to 14,226 pg/mL, while the median (IQR) of hs-cTnT was 0.013 (0.009-0.020) ng/mL and ranged from 0.003 to 0.109 ng/mL. There were 319 (44.2%) patients with hs-cTnT values higher than the clinical cutoff point (99th percentile upper reference limit 14 ng/L). NT-proBNP values in 59 patients (8.0%) were greater than the clinical age-related cutoff points (900 pg/mL for 50-75 years, 1,800 pg/mL for .75 years). 5 The most common comorbidity was hypertension (80.0%), followed by stroke (60.4%). 
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According to the tertiles of NT-proBNP and hs-cTnT levels (NT-proBNP 130.4 and 631.06 pg/mL, hs-cTnT 0.009 and 0.020 ng/mL), patients were stratified into high, middle, and low groups to compare baseline characteristics. As shown in Tables 1 and 2 , patients were likely to be older and have significantly elevated LVMI levels across the three tertiles of hs-cTnT and NT-proBNP. The same tendency was observed in the proportion of patients with stable coronary artery disease and CKD. In contrast, TC, TG, and LDL-C concentrations, eGFR levels, Hb concentrations, and LVEF levels declined significantly across the three tertiles of both hs-cTnT and NT-proBNP. However, significant decreases in HDL-C concentrations were observed only across the three tertiles of hs-cTnT. Patients with a high proportion of hypertension, COPD, and DM were classified in a higher tertile of hs-cTnT, as well as males. Increases in heart rate and proportion of AF history were observed at higher levels in NT-proBNP groups. There were no significant differences in hs-cTnT and NT-proBNP groups for body-mass index, blood pressure, smoking status, ALT concentrations, or cerebral infarction.
Biomarkers as predictors of mortality
After 12-75 months of follow-up (median 47 months), 135 (18.9%) all-cause deaths were identified in the cohort, of which 108 (80%) were noncardiac. These mortalities were compared among each tertile group of the two cardiac biomarkers. As shown in Figure 1 , the high group of NT-proBNP (Tertile 3) was related to a higher proportion of mortality compared with the middle group (tertile 2) and low group (tertile 1), and the log-rank test result was significant (54.1% 
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hs-cTnT and nT-proBnP prognostic value in elderly vs 30.3% vs 15.6%, P,0.001). Furthermore, significant increases in mortality were also observed across the three tertiles of hs-cTnT (62.2% vs 26.0% vs 1.8%, P,0.001).
As shown in Table 3 , NT-proBNP and hs-cTnT levels were both significantly associated with high mortality risks. HRs for death in the NT-proBNP tertiles were 4.13 (95% CI 2.52-6.79) in the high group and 1.98 (95% CI 1.16-3.38) in the middle group compared with the corresponding low group. In tertiles of hs-cTnT, HRs for death were 2.66 (95% CI 1.47-4.82) in the middle group and 7.22 (95% CI 4.23-12.34) in the high group. In multivariate Cox analyses, as shown in model 2 after adjusting for age and sex, the risk of death in the high NT-proBNP group was 2.76-fold (95% CI 1.66-4.60) higher than in the low group. Moreover, as shown in model 3, after adjustment for age, sex, heart rate, comorbidities, and blood-biochemistry parameters, the HR for death in the high group of NT-proBNP was 2.55 (95% CI 1.50-4.34) compared with the reference -tertile 1. However, after adjusting model 3 for LVEF and LVMI, there were no significant associations observed in death rates among the NT-proBNP groups, suggesting that NT-proBNP provides no reliable prognostic information independently of LV parameters. In addition, model 5 illustrated that the association between NT-proBNP and mortality remained poor after adjusting model 4 for hs-cTnT. 
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There were significant increases in mortality risk across the three tertiles of hs-cTnT (HR 1 vs 1.99 vs 4.69, P,0.05) in the age-and sex-adjusted analysis (model 2). These associations remained strong (HR 1 vs 1.86 vs 4.29, P,0.05), even after adjustment for age, sex, heart rate, comorbidities, and blood-biochemistry parameters, as shown in model 3. Moreover, after adjustment for potential confounders, including NT-proBNP, as shown in models 4 and 5, hs-cTnT still had robust prognostic value for mortality in this cohort. These results suggested that unlike NT-proBNP, hs-cTnT was an independent predictor for mortality in the study cohort.
Mortality based on comparison and combination of biomarkers
To evaluate the discriminative capacity for mortality of NT-proBNP and hs-cTnT, ROC curves were constructed ( Figure 2 ). For NT-proBNP, the incremental AUC (iAUC) was 0.700 (95% CI 0.651-0.748) and the predicted cutoff value was 386.15 pg/mL. At this time, predicted sensitivity was 68.9%, specificity 64.5%, and positive predictive value 31.1%. The Youden index was 0.334. For hs-cTnT, iAUC was 0.743 (95% CI 0.697-0.788) and predicted cutoff value was 0.016 ng/mL. At this time, predicted sensitivity was 65.9%, specificity 71.2%, positive predictive value 34.8%, and Youden index 0.371. Furthermore, we drew time-dependent ROC curves for each biomarker over follow-up, as shown in Figure 3 . At each time point, the difference between estimated AUCs of the biomarkers was significant (P,0.001). For instance, iAUC values for NT-proBNP and hs-cTnT at 60 months (5 years) were 0.585 (95% CI 0.483-0.687) and 0.712 (95% CI 0.616-0.808), respectively. All of them were adjusted by potential confounders, including age, sex, heart rate, coronary artery disease, CKD, AF, TC, TG, LDL-C, HDL-C, Hb, eGFR, DM, AF, COPD, hypertension, LVEF, LVMI, NT-proBNP, or hs-cTnT. These results indicated that hs-cTnT was a better predictor of mortality than NT-proBNP.
Additionally, another Cox analysis model was conducted to analyze mortality using tertiles of a combination of hs-cTnT and NT-proBNP. Table 4 displays HRs for mortality Figure 2 receiver-operating characteristic curves for nT-proBnP and hs-cTnT. Abbreviations: hs-cTnT, high-sensitivity cardiac troponin T; nT-proBnP, n-terminal prohormone brain natriuretic peptide. hs-cTnT NT-proBNP Table 4 Mortality by tertiles of hs-cTnT and nT-proBnP when considered together 
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hs-cTnT and nT-proBnP prognostic value in elderly with joint hs-cTnT and NT-proBNP after adjusting for age, sex, heart rate, comorbidities, blood-biochemistry parameters, and echocardiography. The increase in mortality in the higher tertiles of hs-cTnT levels was significant, while the correlation was not as significant in NT-proBNP. As shown in Table 4 and Figure 4 , the combination of the high hs-cTnT group and middle NT-proBNP group was significantly associated with mortality (HR 3.62, 95% CI 1.28-10.20). The same correlation was observed between mortality and combination of the middle hs-cTnT group and high NT-proBNP group (HR 3.01, 95% CI 1.05-8.63). These associations indicated that the risk of mortality increased as the two biomarkers both increased. Furthermore, there was a significant association between mortality and combination of the upper tertiles of both hs-cTnT and NT-proBNP. However, the HR for death was 3.36 (95% CI 1.19-9.54), indicating that the combination of the two cardiac biomarkers did not render a better predictive value for mortality than hs-cTnT alone.
Discussion
Our previous study demonstrated the slight elevation of hs-cTnT levels in elderly inpatients except for acute cardiovascular events, which was also associated with an increased risk of all-cause mortality after discharge. 11 Other studies have shown that the cardiac biomarker NT-proBNP is also predictive of death, and thus we also measured NT-proBNP in this population. However, after adjustment for potential confounders, there were no associations with mortality rates among the NT-proBNP groups, and the predictive value of hs-cTnT for all-cause death was better than that of NTproBNP. Compared with NT-proBNP, hs-cTnT was a better prognostic biomarker for mortality in the elderly population.
Previous studies have found that NT-proBNP still provides significant prognostic value for mortality in community-dwelling elderly people without heart failure, even after accounting for death-related risk factors, such as the ultrasonic indicators LVMI and LVEF. 4, 12, 13 NT-proBNP release is stimulated by ventricular stretch, and is strongly related to LV dysfunction and structural abnormalities. 14 Independently of heart-failure diagnosis, other factors, such as older age, 15 anemia, 16 AF, 17 and renal function decline, 18 have also been confirmed to lead to increased ventricular pressure, which in turn stimulates the elevated release of NT-proBNP and increases the risk of mortality. However, the present study did not find a relationship between mortality and NT-proBNP. In this study, the proportion of people who had elevated NT-proBNP concentrations above the agerelated cutoffs was small (8%), which may suggest that few patients had LV pressure or volume overload. In line with most previous studies on apparently healthy communitydwelling people, 2 noncardiac critically ill patients, 19 and nursing home residents, 20 the present study also found that hs-cTnT was an independent predictor for all-cause mortality in elderly inpatients without acute cardiovascular events. People with increased hs-cTnT levels are generally aged and have a relatively short life expectancy. 7 Even without acute 
88
Chen et al cardiovascular events, cardiac structural abnormalities and various comorbidities are often present, leading to potential myocardial ischemia and hypoxia risk and further explaining the increased risk of death. [21] [22] [23] [24] Several studies have compared the predictive power of hs-cTnT and NT-proBNP for adverse outcomes, and majority of patients included in were end-stage renal disease (ESRD). [25] [26] [27] [28] Apple et al 28 conducted a follow-up study in ESRD patients and found that cTnT and cTnI were independently predictive of all-cause mortality, while elevated NT-proBNP levels based on normal cutoffs (age ,75 years, 125 ng/L; $75 years, 450 ng/L) were not predictive of death. Normally, baseline levels of NT-proBNP in ESRD patients are higher than those of the general population, due to the decline in renal clearance mechanisms, which may explain in this study why NT-proBNP provided a poor prognostic value for death, since 99% of patient levels were above the normal cutoffs. Oh et al 29 analyzed mortality in incident hemodialysis patients, and found that compared to cTnT, NT-proBNP was a better prognostic biomarker of mortality and independently predictive of mortality. Compared with other studies on the correlation between mortality and TnT in ESRD patients, median cTnT (0.05 ng/mL) in this study was only half the reference levels, 30, 31 while that of NTproBNP was comparable to studies analyzing the association between NT-proBNP and mortality in patients with incident hemodialysis. 27, 32 Kim et al 25 investigated the associations of hs-cTnT and NT-proBNP with risk of ESRD in a general community-based population, and found that both hs-cTnT and NT-proBNP were independent predictors of ESRD risk, although the results for hs-cTnT showed greater significance. These findings suggested the important involvement of cardiac damage, rather than ventricular overload, in the decline in kidney function. In addition, hs-cTnT levels may reflect end-stage organ damage or systemic pathophysiological processes, such as microvascular disease. 33, 34 In the present study, hs-cTnT and NT-proBNP were compared in elderly inpatients without acute cardiovascular events to assess their predictive values for mortality after discharge. The results showed an elevation in low-level hs-cTnT and a high proportion (44.2%) of patients whose hs-cTnT levels increased above the clinical cutoffs. However, the proportion of patients with elevated NT-proBNP levels above the age-related cutoffs was only 8.0%. Furthermore, the results demonstrated that hs-cTnT levels, but not NTproBNP levels, are significantly predictive of all-cause mortality. These findings suggested that in this study cohort, the number of patients with potential myocardial ischemia was large, while the number of patients with cardiac overload or dysfunction was small.
Independently of acute cardiovascular events, the increased low-level hs-cTnT in this study was due to a number of factors. First, the study focused on an elderly cohort. With increasing age, individuals may experience cardiac aging, increased cell metabolism and apoptosis, and damage to the myocardial vascular endothelium, all of which lead to increased release of cTn from cardiomyocytes. 7 Second, the median (IQR) of the eGFR in this study was 71.82 (58.1-87.1) mL/min/1.73 m 2 . Decreased eGFR results in a decline in cTn metabolism. 35 Third, various comorbidities, such as DM, may cause cardiac structural and functional abnormalities, which lead to increased cTn release. 22, 36 Another distinctive feature in our study was that we conducted an additional Cox analysis to evaluate the predictive performance of hs-cTnT and NT-proBNP when combined for all-cause mortality. The mortality risk increased when the two cardiac biomarkers were both elevated, but the combination of them did not improve the close association with mortality compared to hs-cTnT alone.
There are several limitations in our study. First, we measured levels of biomarkers and performed echocardiography only once patients were in hospital. Unfortunately, we did not examine follow-up changes in these influential factors after discharge. Therefore, it is difficult to examine whether long-term fluctuation in the two biomarkers had any influence on clinical outcomes in this elderly population. Second, symptoms of myocardial ischemia are not typical in the elderly. Therefore, acute cardiovascular events, such as ACS, may not have been completely excluded in this study cohort. Third, information about medication taking was not collected adequately in this study, eg, angiotensin-converting enzyme inhibitors, angiotensin-receptor blockers, diuretics, and aspirin. These medications have an impact on the regulation of neurohormonal response. Therefore, interaction between them and biomarkers and mortality may have been ignored.
In conclusion, elevated low hs-cTnT levels were more common in elderly inpatients without acute cardiovascular events and showed better predictive performance for allcause mortality after discharge than levels of NT-proBNP. The combination of the two cardiac biomarkers did not render a better predictive value for all-cause mortality than hs-cTnT alone. Screening strategies based on hs-cTnT levels may help to improve risk stratification, allowing the identification of patients with a higher risk of mortality. 
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